Introduction
Since the first democratic elections were held in 1994, the South African government has been intent on boosting employment in the country by encouraging higher and more inclusive economic growth. Industrialisation and export diversification have been part and parcel of this goal (Viviers et al. 2014) . The Department of Trade and Industry (DTI) (2013:16) states:
underperforming, especially compared with its emerging market peers. Secondly, while the composition of South Africa's exports is changing, there is insufficient diversification into new and higher value products. Indeed, Matthee, Idsardi and Krugell (2016) reveal that since 1994, the highest export growth has been in non-fuel primary commodities (38%), while medium-skill, technology-intensive manufactures have grown by 22%. Resource-intensive manufactures have shown a serious decline in exports (around 50%). Furthermore, the bulk of South Africa's export growth (more than 70%) has been in the intensive margin (i.e. exports to existing trade partners) and the remainder in the extensive margin (i.e. diversification in terms of exporting firms, products or destinations) (Bezuidenhout et al. 2015; .
The above scenario is the result of both broad structural problems in the South African economy and largely uncontrollable global influences, such as the continuous decline in commodity prices in recent years and waning demand in traditional markets. In addition, various market access barriers, including the distance to export markets and high transport costs, have conspired to erode South Africa's export competitiveness and weakened the country's export growth potential (Steenkamp, Grater & Viviers. 2015) .
This paper aims to investigate a wide range of market access determinants that affect South Africa's export growth. The significance of the paper is twofold. Firstly, it adds to the small but growing body of literature focusing on the decomposition of South Africa's export growth. Secondly, it identifies the determinants of the intensive and extensive margins of South Africa's exports -a topic that (as far as the authors are concerned) has not been explored before.
The study's empirical framework is derived from the influential Melitz (2003) model, which is based on assumptions of firm heterogeneity in productivity and fixed costs when trade margins are analysed. More productive firms self-select into export destination markets (i.e. the extensive margin). In this regard, as firms exhibit heterogeneity in their productivity, only the more productive ones are able to generate sufficient operating profits in a destination market to cover the associated fixed costs and serve the market through exports (see also Chaney 2008; Crozet & Koenig 2010; Helpman, Melitz & Rubenstein 2008) . Chaney (2008) states that a decrease in the fixed bilateral costs of trade (e.g. start-up costs) would positively affect the extensive margin (number of firms), while a decrease in the variable trade costs (e.g. transport costs) would increase both the extensive and intensive margins. This paper uses the gravity model to analyse the pattern of South African exports at the product-level. Detailed productlevel data are used to determine the impact of trade costs and barriers on the number of firms exporting to different markets and the volume of exports to each market. To this end, the product-level data are decomposed per industry, and the impact of different aspects relating to market access (i.e. market capacity, trade facilitation and trade barriers) are assessed in terms of the authors' gravity model definition. This specification is estimated using the two-stage sample selection procedure proposed by Heckman (1979) .
The rest of the paper is structured as follows: The next section discusses a brief literature overview. The 'Empirical specification' section presents the data and methodology used in the study. The 'Extensive and intensive margins of South African exports' section summarises the results of the empirical analysis and the 'Summary of key findings and concluding remarks' section summarises the key findings and provides some concluding remarks.
Brief literature overview
The heterogeneous nature and performance of firms has become a key focus area in international trade research (Melitz & Redding 2012) . According to Chaney (2008) , firms are heterogeneous in their productivity levels. Moreover, when firms decide to export, they face both fixed and variable costs. Given that there is a threshold productivity level below which zero profits are yielded, only the more productive firms will find it profitable to export. On the one hand, a reduction in variable trade costs will affect both the intensive and extensive margins positively, because the threshold productivity level will drop and both the volume of export of existing exporting firms and the number of new exporting firms will increase. On the other hand, a reduction in fixed trade costs will not affect the intensive margin (the existing exporters have already paid this cost), but will induce new firms to enter the export field. In other words, it will have a positive effect on the extensive margin. Consequently, zero trade flows result from the impossibility of overcoming fixed costs that are necessary to establish trade.
The Melitz (2003) model makes it possible to endogenously calculate the number of firms that decide to export, which has created a new way of decomposing the observed trade flows into the extensive margin of trade (the number of exporting firms) and the intensive margin of trade (the volume of trade per exporter). This decomposition offers a coherent explanation for why only the most productive firms are involved in international trade. Because the study considers product-level exports to importing countries, zero trade flows arise when no firms in South Africa are productive enough to export to a particular destination.
A gravity model approach is used in the empirical analysis presented in this paper. The gravity model has been used in a plethora of empirical studies involving trade margins (see, e.g. Amurgo-Pacheco & Pierola 2008; Crozet & Koenig 2010; Felbermayr & Kohler 2006 ; to name a few). These studies have used different adaptations of the model, estimators and focus points. For example, Lawless (2010) focuses on trade costs, Debaere and Mostashari (2010) on tariffs, Dutt, Mihov and Van Zandt (2011) on the World Trade Organization, Baier, Bergstrand and Feng (2013) on economic integration agreements and Johannsen and Martínez-Zarzoso (2014) on international arms transfers. Of more relevance to this particular study, Greenaway, Gullstrand and Kneller (2009) apply a Heckman sample selection gravity model to control for possible self-selection into exporting using firm-level data on the Swedish food and beverage sector. Crozet and Koenig (2010) , in turn, examine the impact of distance on the probability of exporting and on export levels, using French manufacturing firm-level data. Belenkiy (2010) applies the two-stage Heckman procedure to estimate determinants of the extensive margin of exports from Organisation for Economic Cooperation and Development (OECD) countries to non-OECD countries and Portugal-Perez and Wilson (2012) apply it in terms of export performance of developing countries. Finally, Christen, Wolfmayr and Pfaffermayr (2013) examine the determinants of service exports in Austria at the firm/destination country-level using a Heckman sample selection gravity model.
Finally, there are a few papers that have studied the determinants of African trade using a gravity model. However, none of them has explored the role of extensive and intensive trade margins. Eita (2008) analyses the determinants of Namibian exports using a gravity model framework. Similarly, Jordaan and Eita (2011) investigate the determinants of South Africa's exports of wood and articles of wood using a gravity model approach. The results of the latter analysis suggest that there is unexploited trade potential among some of South Africa's trading partners such as Canada, the United States, Comoros, Germany, Greece, Italy, Ireland, New Zealand, Russia and Tanzania. Márquez-Ramos (2007) explores the determinants of trade for South Africa and Ghana, respectively, using disaggregated data by sector. The author asserts that technological innovation and geographical and social factors play a key role in South Africa's trading relationships with other countries.
Empirical specification Data
This paper uses South African exports disaggregated by product in 2012, with the data sourced from the United Nations' Comtrade Database. This database provides export data from a particular exporting country to an importing country disaggregated by product up to Harmonised System 6-digit level (HS6). Export data are classified per HS cluster, similar to the approach in Smet (2007) . The groupings of HS6-level products are listed in Table 1 . Table 1 presents the range of products that South Africa exported in 2012, classified by industry and export value. It can be observed that South Africa exports more than 95% of the 5039 products classified in chapters Foodstuff and Plastics and rubbers and exports less than 78% of Mineral products and Raw hides, skins, leather and furs. Although South Africa exports a wide variety (around 87%) of products according to the HS6 classification, the value of many of the products in the export mix is very low. Indeed, only 53.7% of the products exported are valued at more than US$100 000, while only 24.8% of products are valued at more than US$1 000 000. destinations.
1 Indeed, South Africa exports more than 20% of the product categories to only 27 out of 196 countries and less than 5% of the product categories to 111 importing countries -pointing to a varied export product mix but a concentrated collection of export destinations.
2 Clearly, there is potential for South Africa to expand the number of export markets. To this end, the determinants of South Africa's extensive margin should be identified.
Methodology
The gravity model has been the empirical approach to analysing the determinants of bilateral trade flows. The basic form of this model assumes that trade between countries can be equated to the gravitational pull between two objects because it is directly related to countries' size and inversely related to the distance between them.
Similar to the approach in Greenaway et al. (2009) and Christen et al. (2013) , the empirical model in this paper is derived from the seminal paper of Helpman et al. (2008) whose model is based on the premise that firms are heterogeneous (as theorised by Melitz 2003), without using firm-level data. The gravity model is estimated with a twostage sample selection model using the estimation procedure proposed by Heckman (1979) . For implementation purposes, two different equations are defined. The first equation (selection equation) addresses the zeros directly by modelling trade participation. This equation provides the variables that affect the extensive margin of trade, that is, factors that affect the probability that South Africa will export a product to a particular country. The second equation (outcome equation) models trade flows conditional on participation. This equation is specified as a traditional gravity model and explores the variables that affect the intensive margin of trade, that is, volume of export of a product to a particular country. Moreover, the Heckman procedure requires an identification variable that influences the probability of exporting, but not the volume, to comply 1.These results are available on request.
2. Table A2 in the appendix presents the main trading partner by industry.
with the exclusion restriction. In line with Helpman et al. (2008) and supported by Martin and Pham (2008) , an independent variable associated with the fixed trade costs of establishing trade flows (such as country-level data on regulations for establishing a new firm) was omitted from the outcome equation.
3 Specifically included, though, were the cost (as a % of countries' GDP per capita), the number of documents and the time required to establish a new firm.
The first stage in the model consists of a probit regression which explains the probability that South Africa will export to country i (selection equation), where the dependent variable is a dummy that is equal to 1 if South Africa exports to country i. A latent variable E it * is defined to declare that South Africa is exporting The selection (Eqn 1) and the outcome (Eqn 2) equations are as follows:
where W i is a set of explanatory variables of the outcome equation with its corresponding parameters g ′ while Z i are the explanatory variables included in the selection equation with the corresponding set of parameters β ′.
Included in vector Z i are both the explanatory variables in W i plus an exclusion restriction that affects only the fixed costs of exporting, not the variable trade costs -that is, a variable that determines the probability of exporting to a particular destination but not the volume of exports. As in previous studies, this study uses (as an exclusion restriction) a variable relating to firm entry cost in the importing country. 5 Finally, e i and h i are independent and identically distributed disturbance terms in the selection and outcome equations, respectively.
3.Santos Silva and Tenreyro (2006) propose the Poisson Pseudo-Maximum Likelihood estimator to deal with heteroscedastic residuals and the prevalence of zeros in the dependent variables, which are undefined when the dependent variable is converted into logarithmic form. However, as shown by Martin & Pham (2008) , the Heckman sample selection procedure provides better estimates when an appropriated excluded variable is used in the first stage, such as the cost of establishing a new firm. Table A1 in the appendix.
4.List of importing countries are presented in
5.The main difficulty in this approach is to find an exclusion variable for the probit model (selection equation) that is exogenous to the trade value. Alternatively, religious similarity has also been considered as exclusion restriction and results are very similar. Estimates are available upon request. The error terms have a bivariate normal distribution with zero means, standard deviation σ ε and σ η and correlation ρ.
For exporting firms, the conditional expectation of the volume of exports can be derived as follows:
where λ(β`Z i ) is the IMR. By including λ in the outcome equation, there is control for sample selection bias. In particular, the proposed two-stage Heckman procedure adjusts the second stage of the regression for sample selection bias by incorporating the IMR to the gravity equation. ; (4) Political variables, which consider an instability index in the importing country. This variable reflects perceptions about the likelihood of political instability and/or politically motivated violence, including terrorism, in the importing country. The existence of a South African embassy in the importing country, which could help facilitate new trade relationships and provide support to existing exporters, is also considered; (5) Regional trade agreements (RTAs), which control for existing trade agreements to which South Africa is a party; (6) Trade regulations, which influence the time and cost involved in moving a standard consignment of goods by sea from South Africa through the port of an importing country, and the number of documents needed to effect the transaction. Because the impact of the explanatory variables on South African trade margins is being estimated, it is not possible to add country-pair or importing country fixed effects to the equation because all explanatory variables are importing country-specific, so they would be absorbed by these fixed effects. An alternative is used, that is, (7) Regions, which denote various regions' fixed effects, using the United Nations' classification and with East Europe as the excluded category.
Finally, the Heckman procedure depends on a prior assumption of the validity of the exclusion restriction which is included in W i ut not in Z i . As with Helpman et al. (2008) or Portugal-Perez and Wilson (2012), fixed regulation costs of firm entry are used (in the importing country), which should not affect a firm's export volumes and, furthermore, satisfies the exclusion restrictions of the twostage Heckman estimation method because it is excluded from the outcome equation in the second stage. Thus, a final category is included, called (8) Entry costs, which are considered in the selection equation only. Entry costs are measured by their effect on the number of days, the number of legal procedures and the relative cost (as a percentage of GDP per capita) involved in an entrepreneur legally starting up a business. Cost is defined as a binary indicator that equals 1 if the relative cost of starting a new business is greater than the median for the importing country i, 0 otherwise. Days and Documents is defined as a binary indicator that equals 1 if the sum of the number of days and procedures needed to start a business is greater than the median for the importing country i, 0 otherwise. The results of the empirical analysis are presented according to this disaggregation.
The Heckman procedure used in this paper, as in Helpman et al. (2008) , presents the main limitation that is estimated for a cross-section. Consequently, time variation is not addressed, which may yield interesting results in terms of evaluating different trade policies such as reducing regulations or signing new trade agreements. Martinez-Zarzoso, Vidovic and Voicu (2014) adapt the Helpman et al. (2008) procedure to a panel data framework, and this can be considered as an extension for further research.
6.Religion Similarity Index is
where R is the percentage of affiliated population to each of the five major religions in South Africa and each importing country, respectively.
Extensive and intensive margins of South African exports
As mentioned in an earlier section, products are classified by HS cluster, giving rise to 15 different sectors. Given a total of 987 644 country-pair observations (3059 products × 196 countries), 93 592 of these present positive export flows (9.5% of the sample). Although South Africa exports around 87% of the products, these are concentrated in just a few countries that vary depending on the type of product exported. So, a challenge for South Africa is to increase the number of export destination countries.
As a starting point, the Heckman procedure is applied to estimate export flows from South Africa disaggregated by industry. The model is estimated by maximum likelihood, and robust standard errors are computed. Tables 4 and 4 Bis show the results of the estimate from the first stage (selection equation) of the Heckman procedure for all sectors pooled to the sample and the results disaggregated by sector. Marginal effects are reported. In general, the sign and significance of the coefficients are as expected. The economic variables that affect the extent of demand, namely GDP per capita and population, show a positive impact on the probability of exporting for all industries. Indeed, for all industries, a 1% increase in GDP per capita or population in the importing country would increase the probability of exporting to that country by 0.034% and 0.038%. In terms of geographical variables, the distance variable (suggesting higher transport costs) presents the expected negative sign. However, for some industries, distance either has no impact or even has a positive impact, such as Plastics and rubbers or Textiles. This result can be explained by the fact that the main trading partners for these products (such as China and the United States) are located far from South Africa. Moreover, when it comes to regional variables, the fact that the importing country is an island has a positive impact in some sectors, but if it is a landlocked country, there is the expected negative impact on the extensive margin. South Africa uses sea transport extensively for export purposes, so if an importing country has no port, the probability of South Africa exporting to that country is greatly reduced.
In terms of cultural variables, cultural proximity (expressed in terms of language and religion) has, for almost all sectors, a positive impact on the extensive margin. However, having a shared colonial history has no impact or even a negative impact on the probability of South Africa exporting goods from a range of sectors. When it comes to political variables, political stability in an importing country has a negative effect on the probability of exporting to that country. Such results can be somewhat controversial because they imply that South Africa is more likely to export to countries that are perceived to present a lower likelihood of political instability and/or politically motivated violence. However, on closer inspection of the data, it is evident that some of South Africa's main trading partners are in fact countries that have political instability episodes, including China, India, Zambia, Zimbabwe and Mozambique.
An analysis of the impact of RTAs on the extensive margin of South African exports yields interesting results. Only the SADC Free Trade Agreement has had a significant and positive impact on the probability of South Africa exporting to other SADC members. This is not surprising, given their close proximity. Trade agreements with the EU and EFTA, in contrast, have not had a positive effect on the extensive margin. Considering that the excluded category is East Europe, countries located in Asia and Oceania show a higher probability of importing from South Africa.
Trade regulation variables generally have a negative impact on the probability of exporting. The more time-consuming and costly it is to export, the more difficult it is for local companies to be competitive and to access international markets. The time it takes to export is a decidedly negative factor for almost all industries, yet documentary requirements are not a significant obstacle for many industries. Moreover, it can be observed how the exclusion restriction in terms of time and documentation has the expected extremely negative impact on export-extensive margins in almost all industries. A trade facilitation drive aimed at shortening the time to export and reducing the documentary burden would generate new trading partners for South Africa.
The estimation results for the second stage, the outcome equation, are presented in Tables 5 and 5 Bis. The significant correlation (ρ) highlights that the selection of firms for export purposes is systematic and needs to be considered in the econometric specification to consistently estimate the export flows. Sigma (σ) is the estimator of the standard error of the residual in the outcome equation. The IMR is computed as IMR = r * σ. As can be observed, r is significant for 6 out of 15 industries. The Mills ratio is positive for all industries combined, as well as for 5 individual industries, while the ratio is negative for the remaining 10 industries. It is important to note that when the coefficient of the Mills ratio is positive, 'positive selection' is said to have occurred; if the coefficient is negative, then 'negative selection' is the result. Indeed, positive selection means that, without the correction, the estimate of the parameters of the outcome equation would have been upward biased, while negative selection would have resulted in a downward-biased estimate. In any case, the significance of the Mills ratio is that sample selection bias exists and needs to be controlled.
In general, the variables that affect the extensive margin of trade also affect the intensive margin, although many of these variables are not significant, depending on the industry considered. As predicted by the gravity model, the economic size of the importing country, measured in terms of GDP per capita and population, is an important factor in explaining the volume of South Africa's exports. However, these variables produce a negative impact on some sectors, such as Mineral products, Plastics and rubbers or Machinery and electrical products. In this regard, the main trading partners for these industries are not necessarily countries with high per capita income levels, that is, China, India, Georgia, Hungary or Czech Republic.
When all industries are considered, geographical variables present the expected negative sign; however, differences in the significance of the coefficients can be observed by industry. As for the extensive margin, distance and being an island present the expected negative sign when the variables are significant, while being a landlocked country (which rules out sea transport) negatively affects the volume of exports. Regarding cultural variables, having a common language or religion has a positive effect on the volume of exports if the variables are significant. Sharing the same colonial background has a negative impact when all industries are considered, but interestingly, the sign of the coefficients changes for some industries when the sector classification is used.
Political instability has a negative effect on all industries when the variable is significant, while having an embassy in the importing country has no effect or even a negative effect on export volumes. In similar vein to the extensive margin, the only trade agreement that delivers a positive effect on export volumes is the SADC Free Trade Agreement, and only in respect of some industries. Jordaan and Eita (2011) , for example, found that the EU and NAFTA trade agreements have not led to an increase in South African exports. Finally, trade regulations that influence the time to export have a negative impact on the volume of exports if the variable is significant. Conversely, the number of documents required to export has a positive impact on some industries where the variable is significant. This contradictory result might be because of both the trade regulation variables being highly correlated, suggesting that the most important variable affecting the volume of exports is time to export. Consequently, the South African government should give priority attention to streamlining the regulatory aspects of export logistics.
The analysis reveals the most relevant determinants of exports by industry, offering a useful platform from which policymakers can formulate appropriate strategies for what they consider to be high-priority sectors and products.
Summary of key findings and concluding remarks
South Africa's DTI has long been of the view that South Africa needs to boost and diversify its exports -in other words, expand exports in both the intensive and extensive margins. The paper set out to reveal the key determinants influencing South Africa's extensive and intensive trade margins, thereby highlighting key opportunity areas and overarching shortcomings in the country's policy, regulatory and physical environments. This was done by employing a Heckman selection gravity model, using highly disaggregated data for 2012 (at HS6 level). The first stage of the process revealed the factors affecting the probability of South Africa exporting to a particular destination (extensive margin). The second stage, which modelled trade flows, revealed the variables that affect export volumes (intensive margin).
The key results from the study indicate that South Africa exports an extensive range of products to a limited number of countries, which reinforces the benefit of performing a trade (and especially export) margin analysis. The specific results, in turn, reveal how a wide range of market access determinants affect South Africa's export growth and potential exporter profitability. In terms of the probability to export, or the extensive margin, economic variables such as the importing country's GDP and population have a positive impact on the firms' decision to export. This highlights the importance of firms focusing their exporting endeavours on export markets with growing demand. In order to do so, it is important that they have access to reliable and affordable information about export opportunities in growing markets.
Here information support systems such as the Decision Support Model, which identifies realistic export opportunities for South African exports, is a useful tool for both regional and national export promotion agencies (for details, see Cuyvers, Steenkamp & Viviers 2012 ).
Other factors affecting the extensive margin are distance to the market (negative impact), cultural/language fit (positive impact), presence of a South African embassy abroad (positive impact), existing free trade agreement with SADC (positive impact) and trade regulations and costs (negative impact). These results firstly emphasise the importance of investing in transport infrastructure in order to reduce the transport cost burden of exporting to distant markets. At the same time, trade facilitation initiatives (e.g. more streamlined trade regulations) should be rolled out to stimulate export growth in South Africa. This would also contribute to the deepening of trade within SADC and help to exploit 'the untapped potential to develop a system of regional value chains', as proposed by the World Bank (2014:37). Finally, industry-specific assistance from embassies based in foreign markets, especially those that are culturally distant, would help to give momentum to firms' export efforts.
In terms of the intensive margin (or factors influencing the volume of exports), there are strong parallels with the extensive margin, with the exception that the time involved in exporting has more of an impact than documentary requirements. This is also heavily dependent on the state of the infrastructure, the complexity of the regulatory apparatus and other factors such as congestion at ports and borders. This is in line with the World Bank's recommendations in 2014 that South Africa needed to seriously tackle its infrastructural bottlenecks [both of a physical and ICT (information and communication technology) nature] if it was to enhance its export competitiveness from a time and cost perspective and provide an environment in which small and medium-sized exporters could flourish and grow.
In conclusion, the dearth of adequate market-related information and other noted shortcomings in South Africa's infrastructure and regulatory environment (which add to the cost and time to export) could explain why the country's exports have largely developed in the intensive margin. If South Africa is to make sustainable inroads into more markets and expand its product offerings, the government and its economic partners need to seriously address the obstacles standing in the way, while also adopting an industry-based approach to export policymaking and promotion. Dissecting the industry-specific results would be an important part of this process and future research would involve developing counterfactual scenarios to assess the expected reaction of potential exporting firms' trade flows to changes in key exogenous determinants. Additionally, industry-specific research (that focuses on obtaining firm-level information) on market access and trade barriers would help industrybased approaches in policymaking as suggested above.
